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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide balanced type 
output terminals, to increase the impedance, and to 
prevent a filter from being largely scaled due to this by 
dividing a central surface acoustic wave transformer 
(IDT) into two part, and constituting it so that acoustic 
cascade connection and electric serial connection can 
be obtained. 

SOLUTION: A central IDT 1 1 is arranged on a 
piezoelectric substrate, and outside IDT 12 and 13 are 
arranged at the both outside parts, and reflectors 14 and \ 
1 4 are arranged at the further both outside parts. The 
polarities of the right and left acoustic ports of the 
central IDT 1 1 are made opposite so that the outside 
IDT 1 2 and 1 3 can be formed so as to be vertically 
inverted. Output terminals 15 and 16 connected with the 
central IDT 1 1 are commonly formed as ungrounded 
balanced output type output terminals. The central IDT 
1 1 is divided into two parts, and serially connected so 
that output impedance can be turned into 200 O. An 

input terminal 17 connected with the outside IDT 12 and 13 is obtained as an unbalanced type 
input terminal. 
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Epitome 
(57) [Abstract] 

[Technical problem] In a vertical joint mold dual mode surface acoustic wave filter, while using 
the terminal of an input or an output [ both the I/O or ] as a balanced type and raising the 
impedance before and after [ of the 4 times ] 200ohms from 50ohms of a configuration 
conventionally, enlargement of the filter by this is avoided. 

[Means for Solution] Contiguity arrangement of the three IDT(s) is carried out along the surface 
acoustic wave propagation direction, central IDT is divided into two in the configuration using 
association with zero-order symmetric mode and secondary symmetric mode, and it is made to 
become cascade connection and an electric target with series connection acoustically. 
Moreover, contiguity arrangement of the two IDT(s) is carried out along the surface acoustic 
wave propagation direction, one side of said two IDT(s) is divided into two in the configuration 
using association with zero-order symmetric mode and primary antisymmetrical state mode, 
and it is made to become cascade connection and an electric target with series connection 

file://C:\Documents%2 1/18/2005 



JP-A-H1 1-97966 
acoustically. 



Page 3 of 14 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] On a piezo-electric substrate, contiguity arrangement of the three IDT(s) is carried 
out along the surface acoustic wave propagation direction, a reflector is arranged on both the 
outside, it is a vertical joint mold dual mode surface acoustic wave filter using association with 
zero-order symmetric mode and secondary symmetric mode, central IDT is divided into two, 
and they are cascade connection and the surface acoustic wave filter constituted so that it 
might become series connection electrically acoustically. 

[Claim 2] On a piezo-electric substrate, contiguity arrangement of the two IDT(s) is carried out 
along the surface acoustic wave propagation direction, a reflector is arranged on both the 
outside, it is a vertical joint mold dual mode surface acoustic wave filter using association with 
zero-order symmetric mode and primary antisymmetrical state mode, one side of said two IDT 
(s) is divided into two, and they are cascade connection and the surface acoustic wave filter 
constituted so that it might become series connection electrically acoustically. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is a thing about the surface acoustic wave filter used for 
a cellular phone etc. They are three surface acoustic wave converters (Interdigital Transducer) 
in more detail. Use and association of two symmetric modes, zero-order and the 2nd order, is 
used, the following and IDT - outlining And the vertical joint mold dual mode surface 
acoustic wave filter which made the balanced output of an electrical signal possible and 
enabled the direct signal input to a semi-conductor active element, And it is related with the 
vertical joint mold dual mode surface acoustic wave filter which used association with zero- 
order symmetric mode and primary antisymmetrical state mode, and made the balanced 
output of an electrical signal possible using two IDT(s), and enabled the direct signal input to a 
semi-conductor active element. 
[0002] 

[Description of the Prior Art] In recent years, the mobile communication device which began 
from the land mobile radiotelephone attached in the automobile shifts to each carrying-izing 
and the so-called cellular phone, and is spreading quickly. It becomes large [ the demand to 
small, a light weight, and low-loss-izing ] with that spread increasingly [ this portable 
telephone ], and small, a light weight, and low loss-ization are called for also from each 
components used for the interior. A surface acoustic wave filter is used for the high pass filter 
which are the main component parts in a mobile communication device as what can meet this 
demand. A surface acoustic wave filter is a filter using the surface acoustic wave which 
spreads a solid-state front face, and many are reported about the construction until now. 
[0003] The frequencies used for mobile communications, especially a cellular phone are 
800MHz - 1 GHz, about 1 .5GHz, and 1 .8-2GHz, and it will be thought further from now on that 
the frequency band which exceeds 2GHz with the increment in need is also used. It is already 
well-known that low loss and a large passband are required of the filter used in these 
frequency bands, and there is a vertical joint mold duplex mode filter using the surface 
acoustic wave as the suitable configuration approach for this demand implementation in it. 
[0004] What was indicated by JP,7-1859,B is mentioned as one of the examples of a 
configuration of a vertical joint mold duplex mode filter. Zero-order and the secondary 
symmetrical mode which is the so-called even symmetric mode are excited in this official 
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report to a core, and constit^g a duplex mode filter by these assowflon is shown to it by by 
arranging three IDT(s) along the surface acoustic wave propagation direction, and arranging a 
grid-like reflector on both that outside on a piezoelectric substrate (in this case, the lithium 
tantalate of X cut 112 degree rotation Y propagation being used). Here, it is because these two 
modes are excited in the same direction as the surface acoustic wave propagation direction to 
call it vertical association. Such a duplex mode filter is known for many years in the monolithic 
filter which used the Xtal bulk wave, and it is known on the occasion of the design that 
frequency arrangement in the two modes is important. Also in this official report, as this 
frequency arrangement, the resonance frequency in zero-order mode and the antiresonant 
frequency in the secondary mode are made mostly in agreement, namely, making it the 
normalized frequency difference of both frequencies become small from 0.0005 is shown. And 
it is shown by this configuration that the filter of 0.40% of fractional band width (value which ** 
(ed) pass band width with center frequency) was obtained. 

[0005] On the other hand, contiguity arrangement of the two IDT(s) is carried out in the surface 
acoustic wave propagation direction, and what was indicated by JP,3-51330,B is mentioned, 
for example as an example of a configuration of the vertical joint mold duplex mode filter of a 
configuration of having arranged the reflector on both the outside, in this case, a core - 
receiving - the symmetrical zero-order mode ~ anti- - the primary symmetry mode is excited 
and these association constitutes a duplex mode filter. IDT which lithium tantalate and ST cut 
Xtal are used as a piezo-electric substrate, and is formed on the substrate in the conventional 
example quoted here - the total - it is shown by by controlling a logarithm and crossover width 
of face that the pass band width of the filter constituted is controllable. In addition, although 
there is no clear description about the cut angle and the surface acoustic wave propagation 
direction of lithium tantalate in this official report, it is expected from description of the 
temperature characteristic that it is X cut 1 12 degree rotation Y propagation. 
[0006] Now, various kinds of things, such as a U.S. AMPS method, European GSM, EGSM 
and a CT-2 method, PHS of Japan, PDC, and a NTACS method, exist in the mobile 
communications which are used in and outside [ current ], i.e., a cellular phone, and a cordless 
telephones system, and practical use is going to be further presented also with the CDMA 
method and the W-CDMA (wideband CDMA) method. With the filter used for the RF circuit 
section of these systems, although the thing of various specifications is required for pass band 
width from several MHz to dozens of MHz, said vertical joint mold dual mode surface acoustic 
wave filter shall meet this wide range specification demand. If a piezo-electric substrate is 
constituted from an ingredient with a big electromechanical coupling coefficient, pass band 
width can be made large and two IDT(s) will be prepared, and specifically, it will become that it 
is [ broadband-izing ] more possible to have prepared three IDT(s) and to use zero-order 
symmetric mode and secondary symmetric mode rather than it uses zero-order symmetric 
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mode and primary antisymmWcal state mode. The structure whicn^Rpared two IDT(s) in this 
is indicated by JP,4-207615,A using the 64-degree rotation Y cut lithium niobate with a big 
electromechanical coupling coefficient as a piezo-electric substrate, and the structure which 
prepared three IDT(s) in 64-degree rotation Y cut lithium niobate is indicated by JP,5- 
267990A Thus, the piezo-electric substrate used in a vertical joint mold dual mode surface 
acoustic wave filter and the number of IDT to install are suitably combined according to 
requirement specification. 

[0007] As stated above, the surface acoustic wave filter is used abundantly at the RF circuit 
section of a mobile telecom terminal machine for the description that it is lightweight small. And 
in order to respond to various requirement specification, a vertical joint mold duplex mode filter 
with a big design degree of freedom is suitable. 

[0008] by the way, a mobile telecom terminal - if the configuration of a portable telephone is 
specifically found, said surface acoustic wave filter is usually arranged between the low noise 
amplifier of the received RF circuit section, and mixers, or on the preceding paragraph of low 
noise amplifier. In order that an I/O impedance may be 200ohms, and may make a dynamic 
range large by the low battery and, as for active elements, such as a mixer and amplifier, may 
usually acquire high gain, let I/O be a balanced type increasingly. However, with the 
conventional surface acoustic wave filter mentioned above, since it is the unbalance mold with 
which an I/O impedance is set to 50 ohms, and one terminal of each terminal pair of I/O is 
grounded, direct continuation to a circumference active element is not made, and there is a 
problem that the effect of a noise is unremovable with touch-down conditions. 
[0009] The technical problem about equilibration of I/O of an active element and equilibration 
of I/O of the surface acoustic wave filter used there is reported, for example in "the Institute of 
Electronics, Information and Communication Engineers synthesis convention lecture collected- 
works (foundation and boundary) lecture number A-1 1-17 and p1997 [ 292 or]." In this report, 
using four 100-ohm system SAW resonator filters as an SAW filter for RF which can respond 
to 50ohm adjustment of unbalance by the side of an antenna, and 200ohm adjustment of 
balances by the side of amplifier, it is that consider an input side as juxtaposition and an output 
side considers as series connection, and the 50ohm-200ohm impedance is realized. And in a 
balanced output side, I/O phase inversion of one SAW filter is carried out by the inversion of 
the sense of IDT, and it is considering as the configuration to which a balanced signal is 
outputted. However, with this configuration, component size becomes large, consequently the 
picking number per wafer becomes fewer, and there is a problem used as cost quantity. 
[0010] 

[Problem(s) to be Solved by the Invention] In a vertical joint mold duplex mode filter, the 
purpose of this invention is avoiding enlargement of the filter by this while it uses the terminal 
of an input or an output [ both the I/O or ] as a balanced type and raises the impedance before 
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and after [ of the 4 times ] 28Wims from 50ohms of a configuratiori^nventionally. 
[0011] 

[Means for Solving the Problem] The above-mentioned purpose is attained by the configuration 
of following (1 ) and either of (2). 

(1) On a piezo-electric substrate, contiguity arrangement of the three IDT(s) is carried out 
along the surface acoustic wave propagation direction, and arrange a reflector on both the 
outside, and it is a vertical joint mold dual mode surface acoustic wave filter using association 
with zero-order symmetric mode and secondary symmetric mode, divide central IDT into two, 
and they are cascade connection and the surface acoustic wave filter constituted so that it 
might become series connection electrically acoustically. 

(2) On a piezo-electric substrate, contiguity arrangement of the two IDT(s) is carried out along 
the surface acoustic wave propagation direction, and arrange a reflector on both the outside, 
and it is a vertical joint mold dual mode surface acoustic wave filter using association with 
zero-order symmetric mode and primary antisymmetrical state mode, divide one side of said 
two IDT(s) into two, and they are cascade connection and the surface acoustic wave filter 
constituted so that it might become series connection electrically acoustically. 

[0012] 

[Function and Effect] one IDT conventionally set as 50 ohms in this invention - 2 - dividing - 
and these - acoustical - concatenation (cascade) connection - without increasing a 
component dimension to the conventional vertical joint mold duplex mode filter, since it 
arranges so that it may become series connection electrically, 4 times [ over the past ] as 
many 200 ohms as this can be raised, and an impedance can be adjusted with the input 
impedance of a circumference active element. Moreover, since the bus bar for connection to 
the external terminal with which it had countered on both sides of the IDT electrode finger 
conventionally can be formed in the same edge, the both-ends child of a balanced blocking 
output terminal pair can see from an outside, and it can consider as the same electric merit, 
and is desirable in property. 
[0013] 

[Example] Hereafter, this invention is explained to a detail based on an example. 

[0014] Drawing 1 is the electrode structure schematic diagram showing one example of the 

surface acoustic wave filter of this invention. With this surface acoustic wave filter, on the 

piezo-electric substrate (not shown), a center IDT11 is arranged, an outside 12 and IDT 13 is 

arranged on both that outside, and reflectors 14 and 14 are arranged further at both that 

outside. 

[0015] Although the electrode used for the piezo-electric substrate the aluminum-0.5wt%Cu 
alloy which carried out spatter membrane formation in this example using 64-degree rotation Y 
cut X propagation lithium niobate, you may be other membrane formation approaches and 
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electrode material may also^Ppure aluminum and other aluminum^tys. Moreover, what is 
necessary is just to set these up suitably according to requirement specification, although the 
IDT period lambda was set to 4.648 micrometers and electrode thickness standardized by this 
lambda was made into 3.55% in this example. 

[0016] next - if it describes about the item of IDT and a reflector - the efficiency of a center 
IDT1 1 - a logarithm - 17 pairs - it is -- the efficiency of an outside 12 and IDT 13 - a 
logarithm is 1 1 pairs, respectively and electrode finger crossover width of face is 56lambda. 
With this configuration, since the sound port of right and left of a center IDT1 1 serves as 
antipole nature mutually, the outside 12 and IDT 13 of both that outside has been formed so 
that it may become vertical reversal mutually. However, it can also consider as the same 
structure by shifting the distance from Center IDT half wave length, without considering an 
outside 12 and IDT 13 as reversal relation. The reflector 14 made the number of reflective 
stripes 250, and it set up the pitch widely a little so that the IDT conductance maximum 
location might enter in a reflector stop band. 

[0017] The configuration of drawing 1 is a balanced output mold with which neither of output 
terminals 15 and 16 connected in the center IDT11 are grounded, and since it can take out 
output terminals 15 and 16 from a surface acoustic wave propagation path with almost equal 
electric length, it is desirable in property. And since a center IDT1 1 is halved and it is 
considering as series connection, an output impedance is set to 200 ohms. In addition, in this 
configuration, when it considered as structure conventionally, without considering a center 
IDT11 as a division series connection configuration, it checked separately that both I/O 
impedances were 50ohms. With this configuration, since the input terminal 17 connected to the 
outside 12 and IDT 13 is used as the unbalance mold, it becomes the configuration of - 
200ohm balanced output of 50-ohm unbalanced inputs. However, if an input terminal 17 is 
used as an output terminal, using output terminals 15 and 16 as an input terminal, it can 
consider as the configuration of -50ohm unbalanced output of 200-ohm balanced inputs. As 
which configuration it considers should just choose suitably according to the application part of 
a surface acoustic wave filter. In addition, it is same that it is good even if reverse in an output 
terminal and an input terminal also in other examples explained below. 
[0018] In addition, although what is necessary is just to divide into two so that an electrode 
characteristic may become equal as shown in drawing 1 when the center IDT of 50-ohm 
system which becomes the origin of division has even electrode fingers, when the center IDT 
of 50-ohm system which becomes the origin of division has odd electrode fingers, two IDT(s) 
used as a division serial configuration will differ in one electrode characteristic. 
[0019] Other examples of this invention are shown in drawing 2 . Although considering a 
vertical joint mold duplex mode filter as a two-step cascade connection configuration was 
known from the former for reservation of the magnitude of attenuation of a filter out of band, 
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the example which applied tl^fnvention to this two-step cascade cl^^ction configuration is 
an example shown in drawing 2 . In the 1st step of vertical joint mold duplex mode filter 1a 
which has three IDT(s) into which both sides were inserted by Reflectors 14a and 14a, this 
configuration considers central IDT1 1a as a division series connection configuration like the 
center IDT1 1 shown in drawing 1 , and uses output terminals 15a and 16a as a balanced type. 
The 2nd step of vertical joint mold duplex mode filter 1b considers central IDT1 1b which 
connected the input terminal 17 among three IDT(s) into which both sides were inserted by 
Reflectors 14b and 14b as the conventional configuration. And by connecting both outsides 
IDT(s), i.e., outside IDT12a, outside IDT12b, and outside IDT13a and outside IDT13b, and 
considering as a cascade connection configuration, it is the configuration of -200ohm balanced 
output of 50-ohm unbalanced inputs, and the big filter of the magnitude of attenuation out of 
band is obtained. 

[0020] Other examples of this invention are shown in drawing 3 . In the 1st step of vertical joint 
mold duplex mode filter 1a, and the 2nd step of vertical joint mold duplex mode filter 1b, this 
configuration considers each central IDT1 1a and central IDT1 1b as a division series 
connection configuration like the center IDT1 1 shown in drawing 1 , and uses output terminals 
15a and 16a and input terminals 15b and 16b as a balanced type. And both outsides IDT(s), 
i.e., outside IDT12a, outside IDT12b, and outside IDT13a and outside IDT13b are connected, 
and it considers as a cascade connection configuration. That is, it is the two-step cascade 
connection configuration which has arranged the vertical joint mold duplex mode filter shown in 
drawing 1 so that the unbalanced input side may serve as an interstage connection. Since the 
input/output relation of a balanced type-balanced type is acquired by this configuration and an 
I/O impedance can be set to 200 ohms, it is suitable for application in the circuit section which 
has an active element before and after a filter. And with this configuration, each terminal pair of 
both an input side and an output side is made with the same electrical-and-electric-equipment 
length. 

[0021] As mentioned above, also in the vertical joint mold duplex mode filter using association 
with zero-order symmetric mode and primary antisymmetrical state mode, a balanced blocking 
output configuration is realizable, although the configuration at the time of applying this 
invention to the vertical joint mold duplex mode filter using three IDT(s) was explained with this 
invention using two IDT(s). 

[0022] The example at the time of applying this invention is shown in the vertical joint mold 
duplex mode filter which prepared two IDT(s) in drawing 4 , drawing 5 , and drawing 6 , 
respectively. 

[0023] Drawing 4 carries out contiguity arrangement of two IDT(s) 21 and 22 along the surface 
acoustic wave propagation direction on a piezo-electric substrate (not shown). It is the vertical 
joint mold dual mode surface acoustic wave filter which arranges reflectors 14 and 14 on both 
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the outside, and uses assoaBron with zero-order symmetric mode mm primary 

• 

antisymmetrical state mode. One IDT21 is divided into two, and like the center IDT11 in 
drawing 1 , acoustically, on cascade connection and an electric target, it constitutes so that it 
may become a series connection configuration. Also in this configuration, like the configuration 
of drawing 1 , output terminals 15 and 16 are balanced types, and an input terminal 17 is an 
unbalance mold and serves as a configuration of -200ohm balanced output of 50-ohm 
unbalanced inputs. 

[0024] Although especially the component of the piezo-electric substrate in this configuration is 
not limited, since the case where the property of a narrow-band is required comparatively 
considers as the configuration which prepares two IDT(s), as a piezo-electric substrate, 36- 
degree rotation Y cut X propagation lithium tantalate with a comparatively small 
electromechanical coupling coefficient and X cut 112 degree rotation Y propagation lithium 
tantalate are used abundantly. 

[0025] Also in a configuration of preparing two IDT(s), it is used for the improvement in the out- 
of-band magnitude of attenuation as well as the case of a configuration of preparing three IDT 
(s) mentioned above, usually carrying out two-step cascade connection. 
[0026] The example which carried out two-step cascade connection is shown in drawing 5 . 
The relation between drawing 4 and drawing 5 is the same as the relation between drawing 1 
and drawing 2 . That is, in the 1st step of vertical joint mold duplex mode filter 1a, this 
configuration considers one IDT21a as a division series connection configuration like IDT21 of 
drawing 4 , and uses output terminals 15a and 16a as a balanced type. While connected the 
input terminal 17 and the 2nd step of vertical joint mold duplex mode filter 1b considers IDT22b 
as the conventional configuration. And by connecting IDT(s), i.e., IDT22a, and IDT21b of 
another side, and considering as a cascade connection configuration, it is the configuration of - 
200ohm balanced output of 50-ohm unbalanced inputs, and the big filter of the magnitude of 
attenuation out of band is obtained. 

[0027] Other examples which carried out two-step cascade connection are shown in drawing 
6 . The relation between drawing 4 and drawing 6 is the same as the relation between drawing 
1 and drawing 3 . That is, in the 1st step of vertical joint mold duplex mode filter 1a, and the 
2nd step of vertical joint mold duplex mode filter 1b, this configuration considers one [ each ] 
IDT21a and one IDT22b as a division series connection configuration like IDT21 of drawing 4 , 
and uses output terminals 15a and 16a and input terminals 15b and 16b as a balanced type. 
And IDT(s), i.e., IDT22a, and IDT21b of another side are connected, and it considers as a 
cascade connection configuration. That is, it is the two-step cascade connection configuration 
which has arranged the vertical joint mold duplex mode filter shown in drawing 4 so that the 
unbalanced input side may serve as an interstage connection. Since the input/output relation 
of -200ohm balance of 200-ohm balances is acquired by this configuration, it is suitable for 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the top view showing the configuration of IDT in the vertical joint mold dual 
mode surface acoustic wave filter of this invention. 

[Drawing 2 ] It is the top view showing the configuration of IDT at the time of considering the 
vertical joint mold dual mode surface acoustic wave filter of this invention as balanced - 
unbalance configuration by two-step cascade connection. 

[Drawing 3 ] It is the top view showing the configuration of IDT at the time of making the vertical 
joint mold dual mode surface acoustic wave filter of this invention into balanced - balanced 
construction by two-step cascade connection. 

[Drawing 4] It is the top view showing the configuration of IDT in the vertical joint mold dual 
mode surface acoustic wave filter of this invention. 

[Drawing 5] It is the top view showing the configuration of IDT at the time of considering the 
vertical joint mold dual mode surface acoustic wave filter of this invention as balanced - 
unbalance configuration by two-step cascade connection. 

[Drawing 6] It is the top view showing the configuration of IDT at the time of making the vertical 
joint mold dual mode surface acoustic wave filter of this invention into balanced - balanced 
construction by two-step cascade connection. 
[Description of Notations] 

1a, 1b Vertical joint mold duplex mode filter of an one-step configuration 

11, 11a, 11b Center IDT 

12, 12a, 12b, 13, 13a, 13b Outside IDT 

14, 14a, 14b Reflector 
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15, 15a, 16, 16a Output terriVl 
15b, 16b, 17 Input terminal 
21,21a, 21b, 22, 22a, 22b IDT 
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DRAWINGS 



[ Drawing 1] 

15 16 




[Drawing 2] 



file://C:\Documents%20and%20Settings\aCowan.KBIPLAW\My%20Documents\JPOEn\J... 1/18/2005 



JP-A-H1 1-97966 



Page 13 of 14 




[ Drawing 4 ] 

15 16 




[Drawing 5] 
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